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A B S T R A C T
American elderberries are commonly collected from wild plants for use as food and medicinal products.
The degree of phytochemical variation among wild populations has not been established and might affect
the overall quality of elderberry dietary supplements. The three major ﬂavonols identiﬁed in elderberries
are rutin, quercetin and isoquercetin. Variation in the ﬂavonols and chlorogenic acid was determined for
107 collections of elderberries from throughout the eastern United States using an optimized high
performance liquid chromatography with ultraviolet detection method. The mean content was 71.9 mg
per 100 g fresh weight with variation ranging from 7.0 to 209.7 mg per 100 g fresh weight within the
collected population. Elderberries collected from southeastern regions had signiﬁcantly higher contents
in comparison with those in more northern regions. The variability of the individual ﬂavonol and
chlorogenic acid proﬁles of the berries was complex and likely inﬂuenced by multiple factors. Several
outliers were identiﬁed based on unique phytochemical proﬁles in comparison with average populations.
This is the ﬁrst study to determine the inherent variability of American elderberries from wild collections
and can be used to identify potential new cultivars that may produce fruits of unique or high-quality
phytochemical content for the food and dietary supplement industries.
ã 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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American elderberry, Sambucus nigra subsp. canadensis (L.) Bolli
(Adoxaceae), is native to eastern and central North America and
Central America. Elderberry shrubs are multi-stemmed with small,
weak branches that can easily bend under the weight of mature
fruit clusters (Martin and Mott,1997). These clusters can contain as
many as 2000 elderberries with diameters ranging from 5 to 9 mm
for the individual berries (Charlebois, 2007). Ripe berries have
deep purple/black colors that act as attractants for birds and
mammals that consume the fruits and disperse seeds. The shrubs
are commonly found growing along forest edges, roadsides and in
open disturbed land, allowing accessibility for those relying on
wild collections.
Traditionally, American elderberries and elderﬂowers are used
in herbal remedies primarily for colds and ﬂu and for anti-
inﬂammatory, antioxidant and tonic activities (Moerman, 1998;
Drapeau and Charlebois, 2012; Foster and Duke, 2014).* Corresponding author.
E-mail address: Paula_brown@bcit.ca (P.N. Brown).
http://dx.doi.org/10.1016/j.jfca.2015.12.003
0889-1575/ã 2016 The Authors. Published by Elsevier Inc. This is an open access article unElderberries are used to manufacture foods such as jams, pies,
wines and juices. The majority of the products created with
American elderberries come from wild collections, while most
European elderberry products are manufactured with berries from
established cultivars grown at commercial production sites
(Thomas et al., 2013). There are several established American
elderberry cultivars that were developed decades ago at agricul-
tural research stations, some of which have high quality berry
production (Charlebois, 2007). Elderberries are more frequently
promoted for their medicinal beneﬁt, which has spiked demand for
their products. This increased demand for berries and ﬂowers has
enabled the growth of small and large scale production sites
throughout the United States and Canada. These sites are using
established cultivars and/or wild cuttings for their elderberry
production (Thomas et al., 2009). Although studies of American
elderberries have focused on established cultivars, it is important
to establish determinants of quality for wild elderberries used in
food and medicinal products (Drapeau and Charlebois, 2012; Lee
and Finn, 2007; Thomas et al., 2008).
Although small in size, elderberries are packed with non-
nutritive compounds responsible for their high antioxidant
properties (Ozgen et al., 2010; Mikulic-Petkovsek et al., 2012).der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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elderberries focuses on established cultivars, little is known about
the natural phytochemical distribution of wild American elder-
berries. Ozgen et al. (2010) determined the total phenolic content
of wild American elderberries, after transplantation to a single
agricultural site, where they reported similar phenolic contents in
comparison with previous reports of American elderberry cultivars
(Lee and Finn, 2007). This report gave little information on the wild
collections, and transplanting the shrubs minimized environmen-
tally mediated variation, which is unlike the conditions of
commercial wild harvest for food production. It is known that
phenolic compounds can provide protective effects from pests,
predators and environmental stressors such as altitude and UV
radiation (Ozgen et al., 2010; Reiger et al., 2008), suggesting that
environmental factors may affect the phytochemical composition
of wild elderberries.
In order to establish the phytochemical variability of wild
American elderberries, collection of wild elderberry fruits was
undertaken over a two-year period throughout the eastern United
States. Proﬁles of select ﬂavonols and chlorogenic acid of the
berries were determined and those from different geographic
regions compared using high performance liquid chromatography
with ultraviolet (HPLC-UV) detection. The goal of this project was
to determine whether phytochemical diversity within this species
is great enough to create a potential for selection of source material
for new cultivars based on increased phytochemical content.
2. Materials and methods
2.1. Plant collections
Wild collections of Eastern American Elderberry (Sambucus
nigra subsp. canadensis) took place in 2010 and 2011 throughout
the eastern United States. A total of 107 samples were collected.
The following states and number of collections per state areFig. 1. Geographical distribution of American elderberry (Sambucus nsummarized: Alabama (7), Arkansas (3), Connecticut (5), Georgia
(4), Indiana (1), Kentucky (9), Maine (6), Missouri (2), Mississippi
(7), North Carolina (9), New Hampshire (5), New York (6), Ohio (2),
Pennsylvania (11), South Carolina (14), Virginia (3), Vermont (1)
and West Virginia (12). Fig. 1 shows the distribution of wild
elderberry collections. The date and exact coordinates were
recorded for all collections, and voucher specimens were
preserved in the Missouri Botanical Garden herbarium. Berries
were frozen after collection and stored at 20 C until use for
chemical analysis.
2.2. Reagents and reference materials
HPLC grade methanol, acetonitrile, tetrahydrofuran and iso-
propanol were purchased from VWR International (Mississauga,
ON, Canada). HPLC grade phosphoric acid and acetic acid were
purchased from VWR International. The primary grade reference
standards chlorogenic acid (purity: 93.9%), rutin (purity: 89.3%),
quercetin (purity: 93.4%) and isoquercetin (purity: 93.2%) were
purchased from Chromadex (Irvine, CA, USA). Water was deionized
using a Barnstead water puriﬁcation system (Fisher Scientiﬁc,
Ottawa, ON, Canada). Stock solutions of the reference standards
were prepared at 1000 mg/mL. Each day mixed calibration
solutions ranging from 0.5 to 200 mg/mL were prepared.
2.3. Sample preparation
Several elderberry clusters were collected from individual trees
and pooled together as a single collection. Elderberries were
separated from the stems and freeze dried. Dried samples were
ground to less than 500 mm particle size to ensure a homogeneous
sample from each collection location. 150 mg of dried berries were
extracted with 15 mL of extraction solvent composed of water:
methanol:acetic acid (66:30:4 v/v). The samples were extracted
using a wrist action shaker for 1 h and then centrifuged atigra subsp. canadensis) collections in the Eastern United States.
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0.22 mm Teﬂon ﬁlter into an HPLC vial and subjected to HPLC
analysis described in Section 2.4. Each individual collection was
prepared in triplicate.
2.4. HPLC analysis
The analytical separation was adopted from an in-house
modiﬁed method for ﬂavonoids in leaves and berries (Upton,
1999). An Agilent 1290 Inﬁnity Binary Liquid Chromatography
system equipped with an in-line degasser, autosampler, binary
pump and a diode array ultraviolet (UV) detector (Agilent
Technologies, Mississauga, ON, Canada) was used. The separation
was achieved on a Kinetex1 2.6 micron C18 100 Å (4.6  100 mm,
2.6 mm) column (Phenomenex, Terrance, CA, USA). The composi-
tion of the mobile phase was: (A) 0.1% phosphoric acid in water and
(B) tetrahydrofuran/acetonitrile/isopropyl alcohol (4:4:1% v/v).
The separation was as follows: 0–10 min: 5–15% B, 10–22 min: 15–
50% B, 22–22.90 min: 50% B. The column was subsequently washed
with 80% B and re-equilibrated with 5% B prior to injection of the
next sample. The ﬂow rate was 0.6 mL/min and the column
temperature was 20 C. The injection volume was 5 mL. UV spectra
were collected from 200 to 400 nm where 325 nm was used for the
quantitation of chlorogenic acid and 375 nm was used for the
quantitation of rutin, quercetin and isoquercetin. Data was
processed using OpenLab software (Agilent Technologies).Fig. 2. HPLC chromatograms of (a) reference standard solution and (bThe elderberry samples were separated into seven batches
composed of 14–16 samples per batch. Each sample was extracted
in triplicate. The mixed calibration solutions were analyzed at the
beginning of each batch. The berry extractions followed the
calibration solutions, with quality control (QC) samples containing
approximately 25 mg/mL of each individual standard randomly
placed throughout the sequence. The coefﬁcient of variations of the
QC samples were to be maintained below 5% in order for that run to
be considered acceptable.
2.5. Statistical analysis
The ﬂavonol and phenolic acid contents were determined with
external calibration using Microsoft Excel (Microsoft, Redmond
WA, USA). The mean of each sample was converted to wet weight
from the loss on drying data from the freeze drier. Data was
imported into Solo + MIA (Eigenvector Research Inc., Manson, WA,
USA). The data were preprocessed using autoscaling prior to
multivariate statistical analysis. Principal component analysis
(PCA) was applied to the datasets and score plots were generated
for the entire data set to visualize proximity in all cases. Analysis of
variance-PCA (ANOVA-PCA) was utilized to determine whether
any of the factors identiﬁed had an impact on the dataset
(Harrington et al., 2005). The variations in the contents between
different locations were evaluated using Kruskal–Wallis one-way
analysis of variance and Tukey–Kramer method for unequal) American elderberry extract for ﬂavonols and chlorogenic acid.
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soft Excel 2011.
3. Results and discussion
3.1. Chromatographic analysis of ﬂavonols and chlorogenic acid
An in-house method for extraction of ﬂavonoids in hawthorn
leaves and berries was adopted for extraction in elderberries
(Upton, 1999). The method was originally optimized using a multi-
level factorial design evaluating extraction solvent, acid content,
time and water percentage. The optimal extraction solvent was
determined to be 66:30:4 methanol:water:acetic acid (% v/v) for
1 h with wrist-action shaking. When adopted to elderberries, the
repeatability was consistently less than 5% for triplicate extrac-
tions. Re-extraction of the spent berries yielded <3.0% for
individual components, which is from the residual solvent
remaining in the material, therefore complete extraction of the
ﬂavonols and phenolic acids was achieved. Linearity of the
calibration standards consistently produced r2 values  0.999
and the limits of detection were determined as 0.05 mg/mL for
chlorogenic acid, 0.09 mg/mL for rutin, 0.08 mg/mL for isoquercetin
and 0.1 mg/mL for quercetin. Spike recovery studies using spent
materials found recovery at 100.9% for rutin.
The chromatographic separation was optimized for the com-
pounds of interest using the hawthorn method as a starting point,
since the limited publications on ﬂavonols and phenolic acid
analysis in elderberries have long run times and large solvent
consumption (Upton, 1999). This method was established to
reduce the analytical run time for each sample due to the high
number of samples and to reduce the use of organic solvents. As
ﬂavonols and chlorogenic acid are relatively polar compounds,
they elute with less than 50% organic solvent in the mobile phase
when using the Kinetex C18 column. The analysis time was
decreased to 22 min and a ﬂow rate of 0.6 mL/min, which further
reduced the solvent usage compared to previously published
methods (Lee and Finn, 2007; Thomas et al., 2008). The HPLC
chromatogram for the individual ﬂavonols is shown in Fig. 2.
3.2. Flavonol and chlorogenic acid content of American elderberry
populations
The ﬂavonols present in American elderberries include rutin,
hyperoside, isoquercitin, quercetin, and kaempferol, in addition to
chlorogenic acid. The most abundant ﬂavonol has been established
as rutin (Reiger et al., 2008). Lee and Finn (2007) evaluated the
ﬂavonoid content of several established American elderberry
cultivars, identifying rutin, isoquercetin and chlorogenic acid
contents ranging from 15 to 41.9 mg/100 g, 2.1–7.7 mg/100 g and
8.1–25.5 mg/100 g respectively. Isoquercetin was quantiﬁed as
rutin equivalent in their publication. The ﬂavonols quantiﬁed in the
present work were chlorogenic acid, rutin, quercetin and
isoquercetin, which were quantiﬁed against individual referenceTable 1
Average individual and total ﬂavonol and chlorogenic acid contents (mg/100 g fresh w
Flavonoid Flavonol and chlorogenic acid content (mg/100 g 
Average Minimum 
Chlorogenic acid 10.7 0.7 
Rutin 52.5 3.5 
Quercetin 2.2 nda
Isoquercetin 6.5 0.7 
Total 71.9 7.0 
a nd = 0.02 mg/100 g fresh weight.standards. The variability in the individual phytochemicals is
signiﬁcantly higher in these wild collections, in which the contents
of rutin, isoquercetin, chlorogenic acid and quercetin ranged from
3.5–170 mg/100 g, 0.7–48.5 mg/100 g, 0.6–45.4 mg/100 g and
0–25.7 mg/100 g respectively. The average of these phytochemicals
and variation are summarized in Table 1.
The highest content of the individual berry collections was
209.7 mg/100 g FW and the lowest was 7.0 mg/100 g FW, indicating
that there was about a 30-fold difference in ﬂavonol content
among sampled populations. This was calculated as the sum of the
three ﬂavonols and chlorogenic acid combined. The overall quality
of wild American elderberries is variable, which may affect the
quality of food that are manufactured from these collections and, if
ﬂavonols are among the important active compounds, the efﬁcacy
of medicinal products. Latti et al. (2008) compared the total
anthocyanin content in wild bilberry collections in Finland and also
identiﬁed large variances among populations. Their study similarly
was unable to determine the factors responsible for variance, as
there may be many contributing factors simultaneously.
3.3. Individual ﬂavonol and chlorogenic acid variation
With over 100 wild elderberry collections, there was interest in
determining if the geographical location of the plants inﬂuenced
their phytochemical contents by evaluating the content of rutin,
chlorogenic acid, quercetin and isoquercetin individually. The
collections were visually divided into 9 zones based on their
geographical locations (see Fig. 1). These zones contained between
9 and 16 collections. The contents were evaluated with multivari-
ate analysis (PCA) to visualize any clustering of the data. Based on
the initial PCA score plot, there was no grouping of the data based
on individual ﬂavonol and chlorogenic acid contents of the berries,
as shown in Fig. 3, indicating that there are no differences observed
among geographical zones.
There were several other proposed methods for grouping
sampled populations based on environmental exposure such as
hardiness zones, sunlight/rain exposure, altitude, collection year or
photosynthetically active radiation (PAR) rating. PCA score plots for
these other options did not show any signiﬁcant clustering after
separation by groups, conﬁrming that no single factor could be
identiﬁed that was responsible for variation in individual
phytochemicals. The ANOVA-PCA results presented no clustering
along the ﬁrst component, indicating that none of the factors
examined had a signiﬁcant impact. Flavonol and phenolic acid
production may be affected by the microclimates and environ-
mental stressors on individual plants such as pests, UV radiation,
soil composition, etc., as well as genetic variation (Lila, 2006;
Ramakrishna and Ravishankar, 2011). Therefore, since contents
vary considerably and the data are limited only to the four
components, PCA was not suitable for evaluating the individual
ﬂavonols and chlorogenic acid based on geographical location or
individual environmental stressors.eight) of wild American elderberries collected in the Eastern US (n = 107).
fresh weight)
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Fig. 3. PCA score plot of the individual ﬂavonols and chlorogenic acid in American elderberries separated into nine geographical zones.
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geographical location
The average total contents (ﬂavonols and chlorogenic acid) of
samples from the original 9 zones based on geographical location
(closeness) were plotted for a visual comparison as shown in Fig. 4.
It was evident that zones 6 and 7 had higher average levels of
ﬂavonols and chlorogenic acid in comparison with the other
groups. As the number of collections varied among groups,Fig. 4. Total ﬂavonol and chlorogenic acid contents of American elderberries separated
n = 16; zone 5: n = 14; zone 6: n = 11; zone 7: n = 11; zone 8: n = 13; zone 9: n = 11).Kruskal–Wallis and Tukey–Kramer statistical analyses were used.
According to Kruskal–Wallis statistical analysis, there was a
signiﬁcant difference between the different groups (p = 0.025)
and using Tukey–Kramer, the signiﬁcant differences were between
zone 4 and zones 6 and 7. As zone 4 is located along the coastal
regions in a more northern climate in comparison with zones 6 and
7 it is thought that the average total ﬂavonols is impacted by the
geographical location. With such a large data set, by plotting the
average quantiﬁed phytochemical content per region, the effect of into nine geographical zones. (zone 1: n = 9; zone 2: n = 12; zone 3: n = 10, zone 4:
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acid among samples from a single region is minimized and regional
differences are more easily identiﬁed.
In a second analysis, the original 9 geographic zones were
reduced to 5 post hoc in an attempt to create regional boundaries
with maximum explanatory power as shown in Fig. 5. The original
zones 1 and 2 were combined, zone 3 and the northern section of 4
were combined, the southern section of 4 and 5 were combined, 6
and 7 were combined, and 8 and 9 were combined. The number of
collections in of these larger zones ranged from 14 to 25. Kruskal–
Wallis analysis conﬁrmed there was a statistical difference
between the zones (p = 0.005). Using Tukey–Kramer it was
determined that the statistically signiﬁcant differences were
observed between zone 5 and zones 1, 2 and 3. This conﬁrms
that there is a correlation between the geographical location of
wild collections and the total ﬂavonol and chlorogenic acid
content.
Zones 4 and 5 both had higher overall ﬂavonols and chlorogenic
acid compared with zones 1–3 as shown in Fig. 6. These elderberry
shrubs are located in more southern regions, which have warmer
climates in comparison with the more northern regions. It was
further determined that the more interior the southern collections,
the higher the contents which is likely due to higher chlorogenic
acid and rutin. Wang et al. (2014) observed increased anthocyanin
and ﬂavonol content in Vaccinium uliginosum berries at increased
altitude, which was suspected to be attributed to increased solar
radiation. By contrast, Latti et al. (2008) found that wild bilberry
anthocyanin contents were signiﬁcantly lower in southern
populations in comparison to central and northern regions when
the collected population was grouped into small distinct zones.
Average quercetin content was higher in samples from zone 2
compared with the other regions and chlorogenic acid content was
lower, while the rutin content of samples from zone 2 was similar
to those from zones 1 and 3. The average values for ﬂavonols and
chlorogenic acid content may be affected by outliers that areFig. 5. American elderberry collections separapresent in each of the regions, although the existence of such
outliers shows that multiple factors affect phytochemical content.
3.5. Elderberry outliers
Literature regarding the ﬂavonoid content of elderberries
identiﬁes rutin as the most abundant (Lee and Finn, 2007; Reiger
et al., 2008). Based on the plots of average total ﬂavonoids and
chlorogenic acid, this appears to be the case. Although this average
appears to be consistent, it is not necessarily the case for all wild
elderberry collections from the Eastern United States.
Using multivariate analysis, 12 outliers were identiﬁed from the
107 collections. The outliers were characterized by unusual
individual ﬂavonol and chlorogenic acid proﬁles; their corre-
sponding contents are plotted in Fig. 7. The ﬁrst 7 collections were
identiﬁed in the northern groups, while the last 5 were identiﬁed
in the southern regions. There is a clear distinction between the
outliers identiﬁed in the southern and northern regions. The
majority of the southern outliers have considerable levels of
chlorogenic acid and rutin. Samples 509, 542 and 474 have the
three highest total ﬂavonols and chlorogenic acid throughout the
collected population.
In comparison, the outliers identiﬁed in the more northern
regions have different phytochemical proﬁles, in which on average
their total contents are lower in comparison with the southern
outliers. For example, sample 425 has a low total ﬂavonol and
chlorogenic acid content, a very small amount of rutin, and a
considerable amount of quercetin. There may have been some
degradation of rutin in these berries, which formed the high
content of quercetin, or another factor that inhibited the formation
of rutin in this plant.
The outliers identiﬁed did not include the samples with the
lowest contents. The two samples with lowest ﬂavonol and
chlorogenic acid content, collected from West Virginia and
Pennsylvania, had a total content of 7.0 mg/100 g and 7.1 mg/ted into ﬁve broader geographical zones.
Fig. 6. Average ﬂavonol and chlorogenic acid content of American elderberries separated into 5 broader geographical zones. (zone 1: n = 21; zone 2: n = 15; zone 3: n = 21; zone
4: n = 24; zone 5: n = 22).
Fig. 7. Flavonol and chlorogenic acid proﬁles of elderberry samples that were identiﬁed as statistical outliers relative to other collected populations.
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they were not considered outliers.
Many factors, including genetic and environmentally mediated
variation and perhaps slight differences in fruit ripeness, can affect
the ﬂavonol and chlorogenic acid contents in berries. As this work
was performed on wild American elderberry, the environmental
factors that may have affected the phytochemicals and composi-
tion were uncontrolled. In order to determine if variation in the
ﬂavonol and chlorogenic acid contents of wild elderberry
collections is primarily environmental or genetic in origin, the
next step in this work is to collect cuttings from the collections
which were identiﬁed as interesting either due to high or low total
ﬂavonols or due to unique proﬁles and bring them into cultivation
at a single site. Those collections could potentially be used toestablish cultivars that have berries with improved phytochemical
proﬁles.
4. Conclusion
Over 100 cuttings of wild elderberry fruits were collected from
throughout the Eastern United States ranging from as far north as
Maine down to Alabama and Georgia and as far west as Mississippi
and Kansas. The berries were evaluated for ﬂavonol and
chlorogenic acid contents to determine the variations within
geographical regions. The berries growing in the southern regions
were found to have higher average total ﬂavonol and chlorogenic
acid contents than those growing in more northern regions,
especially among populations growing in more interior regions.
E. Mudge et al. / Journal of Food Composition and Analysis 47 (2016) 52–59 59Several samples were identiﬁed as outliers in comparison to the
average elderberry ﬂavonol proﬁles. These had signiﬁcantly higher
total ﬂavonols, or unique phytochemical proﬁles, which may be
due to genetic or environmental factors. The future direction of this
work is to collect the propagatable material of phytochemically
unusual wild elderberry populations to determine if their ﬂavonol
and chlorogenic acid contents are inﬂuenced primarily by genetic
or environmental variation and for potential cultivar development.
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